Background
==========

Globally, in 2018, lung cancer caused an estimated 1.76 million deaths ([@bib1]). This cancer can be detected via systematic screening of high-risk individuals: in 2011, the U.S. NLST (National Lung Screening Trial) reported a 20% reduction in lung cancer mortality with low-dose computed tomography (LDCT) screening compared with screening with chest radiography ([@bib2]). The NLST eligibility criteria were based on age (55 to 74 yr) and smoking history (≥30 pack-years, current smokers or former smokers who had quit ≤15 yr ago).

On the basis of these findings and the National Cancer Institute's Cancer Intervention and Surveillance Modeling Network (CISNET) modeling, the U.S. Preventive Services Task Force (USPSTF) recommends annual screening in high-risk individuals using NLST criteria, except age was extended to 80 years ([@bib3]--[@bib5]). The Canadian Task Force on Preventive Health Care also recommended screening according to NLST criteria for three consecutive years, but the costs of screening are not currently covered ([@bib6]). Other countries including Australia ([@bib7]) do not currently endorse screening due to important knowledge gaps including uncertainty in the optimum selection criteria, best recruitment/screening uptake strategies, the action thresholds for early recall CT imaging study, positron emission tomography (PET)/CT or biopsy, false-positive rates and screening-related harms, demonstration of adequate cost-effectiveness, and the translation of U.S. findings to their own healthcare settings ([@bib8]--[@bib10]).

The International Association for the Study of Lung Cancer CT screening Task Force has highlighted six areas for further work including identification of high-risk individuals for screening and guidelines for work-up of screen-detected intermediate nodules ([@bib10])

The selection of the target population and management of indeterminate nodules are the most fundamental issues to address, given that most screenees do not harbor lung cancer, and most detected nodules are benign. These issues have important downstream effects on costs and cost-benefit, risk of harms, and, ultimately, the feasibility of screening in non-U.S. healthcare settings.

Optimal Selection of High-Risk Populations
------------------------------------------

Lung cancer screening is most effective when applied to a high-risk population---i.e., maximizing cancer detection and minimizing false positives, cost of work-up, and screen-related adverse events ([@bib4], [@bib11]--[@bib13]). NLST reported a number needed to screen to prevent one death from lung cancer of 320 ([@bib2]).

However, lung cancer risk is heterogenously distributed in populations selected by NLST criteria. For example, Kovalchik *et al.* ([@bib11]) described striking variations in numbers of lung cancer deaths prevented when NLST participants were stratified to quintiles of risk using an absolute risk prediction model for lung cancer death: 0.2 deaths prevented per 10,000 person-years in the lowest-risk quintile compared with 12.0 deaths prevented per 10,000 person-years in the highest-risk quintile ([@bib11]). Other work has shown improvements in number-needed-to-screen to prevent one lung cancer death (255 in highest tertile compared with 963 in middle tertile), and in the NLST cost-effectiveness analysis, the cost per quality-adjusted life year varied from \$52,000 U.S. dollar (USD) to \$169,000 USD between the highest- and lowest-risk quintiles, respectively ([@bib12], [@bib14]).

Detailed risk assessment using multivariable regression modeling, coupled with risk-based entry criteria, could be advantageous; the model can incorporate other known risk factors aside from age and smoking exposure, better defining risk and avoiding screening and its attendant risks and costs in lower-risk subpopulations. The PLCO~m2012~ (Prostate, Lung, Colorectal and Ovarian) Cancer Screening Trial model was developed using the large prospective PLCO dataset of a general population not limited to high risk of lung cancer ([@bib13], [@bib15], [@bib16]). In post hoc analyses, PLCO~m2012~ identified the individuals with lung cancer (i.e., the high-risk population) more effectively than either NLST or USPSTF selection criteria, improving sensitivity, positive predictive value, and specificity ([@bib12], [@bib13], [@bib17]).

The optimal threshold of lung cancer risk for screening selection is unknown. The PanCan (Pan-Canadian Early Detection of Lung Cancer) study used the PLCO~m2007~ model with a ≥2%/6-year eligibility threshold ([@bib18]). The cumulative incidence of lung cancer (6.5%) was significantly greater than that observed in the NLST study ([@bib18]). On the basis of NLST data and validated in the PLCO dataset, the optimal risk threshold for PLCO~m2012~ is 1.51% over 6 years. This is equivalent to the 65th percentile of risk in NLST and the point at which lung cancer mortality in the LDCT arm was consistently lower than that in the chest X-ray arm. This threshold value identified 80% of ever-smokers who developed lung cancer ([@bib13]).

Optimal Management of Screen-detected Pulmonary Nodules
-------------------------------------------------------

LDCT screening is highly sensitive for nodule detection; pulmonary nodules' prevalence varies between 22% and 51%, depending on size cutoff for nodule reporting, CT parameters, and study population ([@bib2], [@bib18]--[@bib24]). The vast majority of nodules are benign, but may contribute significantly to follow-up costs and may incur unnecessary interventions including surgery.

There is no universally accepted protocol for nodule classification and subsequent management. NLST used a simple axial linear measurement to classify all noncalcified nodules with a maximum diameter of ≥4 mm as a positive scan. The proportion of positive screening scans was 24.2% in the LDCT arm over all three rounds, and 96.4% of these were not cancer ([@bib2]). In the NLST, the false-positive rate (1 minus specificity) at baseline scan was 26.6%, at T~1~ it was 27.4%, and at T~2~ it was 16.1%. Nodule management guidelines have been previously based on expert opinion and cohorts of clinical patients with high proportions of lung cancer that are unrepresentative of screening cohorts ([@bib25]--[@bib28]).

Strategies to reduce the burden of false-positive scans include volumetric measurement, larger axial size threshold, and biennial screening following low-risk (negative) scans. However, none of these strategies have yet been shown to reduce mortality. Recognizing this issue, the American College of Radiology developed the Lung-RADS classification system ([@bib29], [@bib30]). Retrospective analyses of Lung-RADS have shown reductions in baseline false-positive rates to 10.6--12.8% ([@bib31]--[@bib33]). Of note, an updated version of Lung-RADS V1.1 was recently published after the ILST (International Lung Screening Trial) had commenced ([@bib29]).

An alternative nodule management approach is to estimate cancer risk using regression modeling incorporating nodule and participant variables. The PanCan (or Brock University) nodule malignancy probability calculator ([@bib34]) was developed from trial data in which individual nodules were longitudinally evaluated. It pertains to nodules detected on baseline scans that accounted for 75% of the lung cancers found in the first 5 years ([@bib18]). It has superior sensitivity and specificity compared with the Lung-RADS classification in retrospective studies ([@bib35]--[@bib39]). For selected nodules, it is recommended by Lung-RADS and the British Thoracic Society nodule guidelines ([@bib40], [@bib41]), but it has not been prospectively tested.

We seek to prospectively compare the PLCO~m2012~ ≥ 1.51%/6-year threshold against the USPSTF selection criteria in terms of proportion of lung cancer detected by either criteria and to prospectively establish the effectiveness of the PanCan nodule malignancy risk model in managing nodules detected at baseline screening LDCT.

Methods
=======

The ILST ([clinicaltrials.gov](http://clinicaltrials.gov) identifier: NCT02871856) is an international, multicenter prospective cohort study with nine recruitment sites in Australia, Canada, Hong Kong, and Spain. ILST will recruit 4,500 ever-smokers between the age of 55 to 80, who will undergo two scheduled LDCTs at baseline and at 2 years. Participants will be followed up for a minimum of 5 years.

The ILST has two primary aims: *1*) compare the predictive accuracies of the PLCO~m2012~ and the USPSTF screening selection criteria and *2*) evaluate a nodule management protocol based on the use of the PanCan nodule probability calculator on baseline screening LDCT.

For primary aim 1, we hypothesize that the predictive accuracy of the PLCO~m2012~ criteria is greater than that of the USPSTF criteria for selecting individuals for screening who are subsequently diagnosed with lung cancer. For the two criteria, comparisons of the following will be made (see [Table 1](#tbl1){ref-type="table"} for calculation guide):1.The proportion of individuals selected for screening2.The proportion of lung cancers detected (or, equivalently, McNemar's odds ratio)3.The positive predictive values

###### 

Analytic schema with cross-stratification of participants by PLCO~m2012~ and USPSTF criteria eligibility for study aim 1

  Number of Participants by Screening Eligibility                                                     
  ------------------------------------------------- ----------------------------------------- ------- -----------------------------------------
  PLCO~m2012~ −ve                                      A[\*](#tblfn1){ref-type="table-fn"}       B     A[\*](#tblfn1){ref-type="table-fn"} + B
  PLCO~m2012~ +ve                                                       C                        D                      C + D
  Total                                              A[\*](#tblfn1){ref-type="table-fn"} + C   B + D                      T

  Lung Cancers by Screening Eligibility                                                     
  --------------------------------------- ----------------------------------------- ------- -----------------------------------------
  PLCO~m2012~ −ve                            a[\*](#tblfn1){ref-type="table-fn"}       B     a[\*](#tblfn1){ref-type="table-fn"} + b
  PLCO~m2012~ +ve                                             C                        D                      c + d
  Total                                    a[\*](#tblfn1){ref-type="table-fn"} + c   b + d                      t

A = Number of individuals who are PLCO~m2012~ (Prostate, Lung, Colorectal and Ovarian) Cancer Screening Trial −ve and U.S. Preventive Services Task Force (USPSTF) −ve\*. B = Number of individuals who are PLCO~m2012~ −ve and USPSTF +ve. C = Number of individuals who are PLCO~m2012~ +ve and USPSTF −ve. D = Number of individuals who are PLCO~m2012~ +ve and USPSTF +ve. T = Total number of individuals low-dose CT-screened (B + C + D).

a = Number of lung cancers in PLCO~m2012~ −ve and USPSTF −ve individuals\*. b = Number of lung cancers in PLCO~m2012~ −ve and USPSTF +ve individuals. c = Number of lung cancers in PLCO~m2012~ +ve and USPSTF −ve individuals. d = Number of lung cancers in PLCO~m2012~ +ve and USPSTF +ve individuals. t = Total number of lung cancers detected in low-dose CT-screened individuals (b + c + d).

= Prespecified subgroup analysis on screening ineligible ILST (International Lung Screening Trial) participants from selected study sites. Proportions of individuals selected for screening = (C + D)/T versus (B + D)/T. Proportions of lung cancers detected = (c + d)/(b + c + d) versus (b + d)/(b + c + d). McNemar's odds ratio = c/b. Positive predictive values = (c + d)/(C + D) versus (b + d)/(B + D).

Secondary aims related to primary aim 1 include the following: calculating and comparing the sensitivities in a subset analysis. Calculation of sensitivities requires the "a" in [Table 1](#tbl1){ref-type="table"}. Only those who are positive by either criteria get screened. All sites will collect "A," but only selected study sites are following and collecting information on "a" and "A" in [Table 1](#tbl1){ref-type="table"}, thus allowing estimation of "a" in a subset analysis.

There will be comparison of the proportion of lung cancers detected and positive predictive values, when the PLCO~m2012~ threshold for selection is adjusted to include the same number of individuals selected by the USPSTF criteria. (Recent evidence indicates that because populations differ, and smoking patterns have changes, calibrations of risk model selection thresholds require reassessment and readjustment when such models are applied in different populations.)

Primary aim 2 relates to management of screen-detected nodules found on baseline LDCT, and for the purpose of this study, screening results are grouped into three categories: *1*) no or very low risk nodule(s) ("negative") to be followed by the next regular planned surveillance scan (e.g., CAT1 on ILST protocol; see [Figure 2](#fig2){ref-type="fig"}), or "positive," to be followed by *2*) early recall scan (CATs 2/3), or *3*) clinical investigation (CATs 4/5). We hypothesize that compared with the Lung-RADS nodule management system, the PanCan nodule malignancy model-based management protocol will have fewer positive results, while detecting an equivalent or higher number of lung cancers in the positive scan results group. For a management protocol to be considered superior, there should be more individuals in group 1, thus reducing systematic costs and risks to individuals, but simultaneously be accompanied by high numbers of lung cancers detected in groups 2 and 3. Because there is no single metric which combinatorially summarizes both distribution of screening results and number of lung cancers detected in the positive results category, we will interpret superiority of a management protocol if both the distribution of screening results (fewer positive scans requiring early recall or investigations) and absolute number and proportion of lung cancers in the positive results category are equivalent or higher.

Ancillary studies will address other screening-related questions of interest including: *1*) associations between outdoor and household air pollution and lung cancer, *2*) the impact of screening on the quality of life and health status of screening participants at a variety of time points, *3*) estimated healthcare economic costs of LDCT screening (in the Australian and Canadian settings), *4*) the utility of spirometric diagnosis of chronic obstructive pulmonary disease as a risk-stratification tool in lung cancer screening, *5*) blood-based biomarkers associated with lung cancer, *6*) the potential role of computer-aided detection (CAD) software to improve radiologist reporting time and quality assurance, *7*) optimal smoking cessation strategies within a lung cancer screening program, *8*) the effectiveness of different recruitment methods in lung cancer screening, and *9*) the implications of incidentally detected abnormalities such as osteoporosis, coronary artery calcification, and interstitial lung abnormalities.

Study Schema and Inclusion--Exclusion Criteria
----------------------------------------------

The study schema up to baseline screening LDCT (including inclusion and exclusion criteria) is summarized in [Figure 1](#fig1){ref-type="fig"}.

![Participant recruitment flow diagram up to baseline screening low-dose computed tomography. \* = Former smoker is defined as one who has stopped smoking for ≥1 year. \*\* = Pack-year is defined as number of packs of cigarettes smoked per day multiplied by the number of years smoked. (If participant ceased smoking for ≥6 mo interval, the time will be subtracted from the total duration of smoking in 0.5-year increments.) \# = Any medical condition that, in the investigator's opinion, may jeopardize the subject's safety during participation in the study or mean that the subject is unlikely to benefit from screening due to shortened life expectancy; and may include severe cardiac disease (e.g., unstable angina, congestive cardiac failure), acute or chronic respiratory failure, home oxygen therapy for advanced lung disease, bleeding disorders, etc. CT = computed tomography; ECOG performance status = Eastern Cooperative Oncology Group ([@bib51]); LDCT = low-dose computed tomography; PLCO = Prostate, Lung, Colorectal and Ovarian; USPSTF = U.S. Preventive Services Task Force.](AnnalsATS.201902-102OC_f1){#fig1}

Recruitment
-----------

The recruitment sites and planned number of participants from each site are as follows: The BC Cancer Agency in Vancouver, British Columbia, Canada (2,000), The Prince Charles Hospital in Brisbane, Australia (500), Fiona Stanley Hospital and Sir Charles Gairdner Hospitals in Perth, Australia (500 combined), St. Vincent's Hospital in Sydney, Australia (500), The Royal Melbourne Hospital in Melbourne, Australia (500), Epworth Eastern Hospital in Box Hill, Australia (100), Queen Mary Hospital in Hong Kong (400), and German Trias i Pujol University Hospital, Barcelona, Spain (400). ILST will recruit a minimum of 4,500 participants.

Participants will be recruited using a variety of strategies depending on the recruitment site, including via primary care physicians, media advertisements, electoral roll mail-out invitations, and targeted invitations identified from primary care databases.

Potential participants will undergo an initial eligibility assessment including PLCO~m2012~ risk estimation and USPSTF criteria check using a web-based questionnaire. Eligible participants providing informed consent are booked for baseline LDCT scan. Current smokers are offered cessation advice and invited to participate in the national Quitline program using an opt-out approach.

In selected sites, ineligible individuals or eligible individuals who decline to enroll in the study after initial expression of interest are invited to a 5-year health outcomes follow-up study (annual questionnaires and lung cancer registry linkage).

Radiology Protocol
------------------

LDCT scans (120 kV, 40--50 mA, pitch 1:0, and gantry rotation time ≤0.5 s) will be performed on multidetector (≥16 row) machines with minimum section collimation of ≤1 mm from lung apices to the adrenals. Low--radiation dose acquisitions (≤1.5 mSv effective dose) are obtained using reduced mA and a minimum gantry rotation time. The CT dose index volume will be ≤3.0 mGy (32 cm) for a "standard" person (170 cm, 70 kg, body mass index \[BMI\] 24). Supine noncontrast images will be acquired in a single inspiratory breath hold with arms overhead. A high--spatial frequency image reconstruction algorithm will be used for lung parenchyma; an intermediate spatial frequency algorithm will be used for mediastinal structures to minimize image noise. Annual calibration using the Radiological Society of North America Quantitative Imaging Biomarker Alliance phantoms will be performed and results subjected to site medical physicist review.

LDCT Reporting
--------------

Experienced radiologists (≥300 CT chest readings in the last 3 yr) use a standardized reporting protocol for all findings. Ancillary analysis using computer-automated detection (Veolity 1.2 system, MeVis Medical Solutions AG, Germany) is being undertaken as a substudy at some sites.

An indeterminate nodule (solid, semisolid, nonsolid) is defined as a nodule ≥3 mm and \<30 mm in average axial diameter. Perifissural nodules and completely calcified nodules are regarded as benign. Nodules detected at baseline scan will be categorized using the PanCan nodule malignancy probability calculator and managed in accordance to the management protocol ([Figure 2](#fig2){ref-type="fig"}). In the case of multiple nodules, the nodule with the highest PanCan nodule probability score is used to determine categorization.

![Lung nodule management protocol. \*Growth in subsequent scan is defined as: \>1.5 mm in mean diameter or solid core of semi-solid nodule ≥ 6 mm. \# = Consider biopsy after appropriate clinical assessment. CAT = computed tomography; LDCT = low-dose computed tomography; PET = positron emission tomography; PLCO = Prostate, Lung, Colorectal and Ovarian; USPSTF = U.S. Preventive Services Task Force.](AnnalsATS.201902-102OC_f2){#fig2}

Nodule Management
-----------------

A management algorithm for screen-detected nodules is presented in [Figure 2](#fig2){ref-type="fig"}.

Participants with normal baseline LDCT scans (no nodules and no other abnormality suspicious of malignancy) or low-risk nodules with PanCan nodule probability calculator score of \<1.5% (CAT1) will have a repeat LDCT in 24 months.

Participants with a PanCan nodule calculator score ≥1.5% to \<6% (CAT2) will have a repeat LDCT annually for up for 2 years (solid nodules) and up to 5 years (subsolid nodules) in accordance with current clinical practice.

Participants with a PanCan nodule calculator score of 6 to \<30% (CAT3) will have short-term interval LDCT in 3 months or immediate clinical investigation. CAT3 results are subdivided into CAT3a (PanCan score 6 to \<10%) and CAT3b (PanCan score 10 to \<30%)---CAT3a by default have an interval LDCT in 3 months, whereas CAT3b may be considered for 3-month interval LDCT or immediate clinical investigation at the discretion of the treating physician. CAT3 participants with a 3-month LDCT that does not show interval growth revert to annual LDCT.

Participants with a PanCan nodule calculator score of ≥30% (CAT4) or have other findings suspect for lung cancer (CAT5) are considered suspicious for lung cancer and will be reviewed by the site clinician for immediate clinical investigation. CAT5 findings include mass lesion of noninfectious etiology, mediastinal or hilar lymphadenopathy irrespective of nodule size, or endobronchial nodule.

Significant growth of pulmonary nodules on two consecutive scans is considered suspicious for lung cancer, and participants will be evaluated clinically. Significant interval growth is defined as any of: *1*) an increase of \>1.5 mm in mean diameter, *2*) volume change of ≥100% for nodules \<5 mm, volume change of ≥30% for nodules 5 to \<10 mm, volume change of ≥20% for nodules ≥10 mm, *3*) volume doubling time 30--400 days for nodules \<300 mm^3^, or *4*) the development of a solid core of ≥6 mm in a subsolid nodule. Investigations and treatment decisions will be led by the clinical team according to local standard of care and may be managed at non-ILST centers.

Any confirmed diagnosis of lung cancer will be treated according to standard of care in the institution as directed by the medical team.

Outcome Evaluation and Follow-Up
--------------------------------

All participants will be followed up annually for 5 years or longer (2017 to 2024) to ensure accurate determination of screening outcomes required to evaluate primary study aims 1 and 2.

We recognize that accurate determination of lung cancer outcomes in the noneligible population is required to calculate negative predictive value and specificity and that we have limited resources to achieve this. Collation of accurate data of noneligible individuals will take place by invitation to consent to the contribution to long-term outcome data as well as data linkage to regional and national cancer registries informing of the development of lung cancer or death from lung cancer. While the limitations of registry data are well described, in Australia and Canada, the registration of all cancers (apart from nonmelanoma skin cancers) is required by law, and thus case ascertainment of cancers is considered relatively robust. Both Australian and Canadian cancer registries are governed by national standards of data collection, error checking, deduplication, and linkage to other data sources.

All confirmed lung cancer cases will be evaluated for the following features: histology, TNM stage classification, treatment procedures, length of inpatient stay, and investigation- or treatment-related complications. Annual participant survey will collect smoking status, quality of life and healthcare usage.

In addition to the aforementioned primary outcomes, other outcomes of interest are mortality, rate of detection of other incidental significant disease, types and costs of downstream investigation and treatment related to abnormalities found during screening, logistics/barriers for an early detection program, and quality of life measures and costs.

Computer-aided Nodule Detection
-------------------------------

At participating sites, screening scans will undergo semiautomated CAD software analysis (Veolity 1.2 system, MeVis Medical Solutions AG, Germany) as part of a randomized control substudy to evaluate the utility of CAD to improve radiologist reporting time and accuracy. Study LDCTs (baseline or follow-up) will be randomized to either being radiologist-read first then CAD-verified or CAD-verified then radiologist-read for comparisons of time required to report scans and of diagnostic accuracy. Of note, for the purposes of the main ILST study, radiologist review remains the gold standard for LDCT reporting; thus this substudy will not unduly influence the protocoled nodule analysis.

Health Economics
----------------

A comparative modeling approach will be used where the costs and cost-effectiveness of lung cancer screening will be evaluated both in Australia and Canada. The health economic analysis for Australia will use a microsimulation model to simulate lung cancer incidence and mortality in the population. The model will consist of core components including lung cancer natural history, diagnosis, treatment, survival, and a smoking history-generator. Some concepts of this model are adapted from CISNET ([@bib42], [@bib43]). The model will be built, validated, and calibrated using representative datasets and a large, population-based Australian cohort study (the 45 and Up Study) ([@bib44]). As trial data become available (T~0~, T~1~, T~2~), successive validation exercises will be performed using demographics, participation, cost, and outcome data from trial participants. The modeled health resource utilization and health outcome predictions for the simulated cohort will be compared with the observed data using similar methods as previous work ([@bib45]). Following completion of this validation step and to perform health economic evaluation of LDCT screening as performed in the trial, projections of 10-year and lifetime outcomes and costs for trial participants will be estimated. Parallel analysis will be done for Canada using the microsimulation platform and/or alternative health economic models ([@bib46]).

In addition to the above modeling information, healthcare resource utilization rates will be prospectively reported from each of the study centers via an electronic case report form. In Australia, costs will be ascertained from utilization data within the trial, including costs of screening itself, out-of-hospital medical services funded under the Medicare Benefits Schedule and/or the Department of Veteran Affairs, and public hospital utilization. Other Australian datasets may be used to supplement cost data with information regarding emergency department presentations, private hospital admissions, and prescription pharmaceuticals subsidized by the Pharmaceutical Benefits Scheme. In Canada, societal cost data will be ascertained from questionnaires administered to a subgroup of participants and consenting lung cancer patients receiving treatment at the BC Cancer Agency ([@bib46]). Specifically, costs to screening participants will be evaluated on a per-visit basis with consideration of average travel time, distance, transport modality, employment status, and out-of-pocket expenses related to screening- or treatment-related appointments.

Statistical Considerations
--------------------------

### Sample size and power

Our initial study power was based on a sample size of 4,000. Shortly after commencing the study, resources became available to increase the sample to 4,500. Enlarging the sample was deemed to be useful for answering some of the study's ancillary questions and to facilitate analyses stratified by different sites (e.g., Canada vs. Australia). The power calculations presented here are updated to reflect the enlarged sample size. The estimates of proportions in the different power calculations came from PLCO data, our own preliminary data, and the PanCan Study ([@bib13], [@bib18]). Correlations between PLCO~m2012~ and USPSTF were estimated from PLCO data.

The power for testing if there is a difference in the proportion of lung cancer detected in PLCO~m2012~-selected (\[c + d\]/T) versus USPSTF-selected (\[b + d\]/T) individuals (primary aim 1) by McNemar's test is 0.81. Power calculation assumptions: *n* = 190 (lung cancers, including 30 lung cancers in [Table 1](#tbl1){ref-type="table"} \[cell a\]), and estimated proportion of lung cancers detected is 0.68 for PLCO~m2012~ and 0.59 for USPSTF (δ = 0.11), correlation = 0.55, two-sided alpha error = 0.05.

The power for testing if there is a difference in the PPVs for lung cancer detected in PLCO~m2012~-selected versus USPSTF-selected individuals (primary aim 1) by comparing two proportions with the likelihood-ratio test is 0.82. Power calculation assumptions: *n* = 4,000 individuals will be positive by either criteria (but are not the same group of individuals or lung cancers), PPV = 0.042 for PLCO~m2012~, and PPV = 0.030 for USPSTF (δ = 0.012), two-sided alpha error = 0.05.

The power for testing the difference in positive scan proportions (primary aim 2) by McNemar's test is \>0.95. Power calculation assumptions: *n* = 4,500 (entire sample), proportion positive is 0.15 for PanCan and 0.19 for Lung-RADS (δ = 0.04), no correlation assumption is made, two-sided alpha error = 0.05.

The power for testing that the proportion of lung cancers detected in positive scans by PanCan is not the same as that detected by Lung-RADS (primary aim 2) by comparison of proportion by the likelihood-ratio test is 0.92. The power calculation includes the following assumptions: PLCO~m2012~ has 675 positive screens (0.15 of 4,500), and USPSTF has 855 (0.19 of 4,500). In the 675 PLCO~m2012~ positive screens, 144 lung cancers (0.90 of 160) will be detected. In the 855 USPSTF positive screens, 125 lung cancers (0.78 of 160) will be detected. The hypothesis tested is 0.146 (125/855) different from 0.213 (144/675).

Power calculations were performed using Stata MP 14.1 software (College Station, Texas).

### PLCO~m2012~ risk prediction model performance

The efficiencies of the PLCO~m2012~ risk ≥0.0151 and the USPSTF criteria to select high-risk smokers for LDCT screening will be compared by applying these criteria to the prospective data and evaluate study aims 1 and 2. In all four parts of primary study aims 1 and 2, proportions will be compared between the two criteria when they are applied to the same sample. Thus, estimates are not obtained from independent samples, and McNemar's test is most appropriate. Confidence intervals for proportions will be prepared using the exact binomial method ([@bib47]). As statistical measures of performance fail to estimate clinical benefit of one method over another, decision curve analysis will be performed to compare net benefit differences between the different models and criteria ([@bib48]).

### Missing data

Regarding the primary study hypothesis, determining sensitivity, number screened, and positive predictive value of USPSTF/NLST criteria (the latter is nested in the USPSTF criteria) versus PLCO~m2012~ risk for selection of individuals at high risk for lung cancer screening, all information will be collected by simple direct interview with the prospective study participant. As a consequence we are anticipating zero missing information for these key elements of the study, as those individuals withholding this required information will be excluded from the study.

For secondary study questions which require more specific detailed information we anticipate missing information to be less than 10%, in which case we will consider doing complete cases analysis if the total dataset for analysis is greater than 90%. If the missing data leads to less than 90% of the data being analyzed at an individual level, multiple imputation will be used to handle the missing data ([@bib49]). Multiple imputation will be implemented using Stata software ([@bib50]).

Timeline
--------

All recruitment sites have commenced baseline screening in 2017 with the aim of completing baseline screening by end-2019. Completion of 5-year follow-up with final collation of data is expected in 2024.

Ethics and Data Monitoring
--------------------------

This study has been approved by all appropriate local committees of the ILST research sites. All study participants provide written informed consent. An independent monitoring committee will monitor trial processes and protocol deviations.

Discussion
==========

ILST will provide a clearer understanding of the optimum selection criteria for LDCT screening for lung cancer and will evaluate the PanCan nodule malignancy risk protocol using retrospective modeled comparative analysis.

The ILST study is not powered nor designed to detect mortality benefits of LDCT screening. However, from this study other important questions surrounding lung cancer and screening will also be assessed in the form of planned subsidiary studies.

The information derived from the ILST will be important in guiding future international recommendations and healthcare resource allocation. The study is currently in its recruitment phase. Results will be reported in future peer-reviewed publications.
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